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CAPACITANCE CIRCUIT , 

CROSS REFERENCE TO RELATED APPLICATION 
This application is a division of applicationSer. vNo. 

403,406 entitled “Capacitance Circuit", ?led Oct. 4, 
1973, now US. Pat. No. 3,962,718.‘ - - 

BACKGROUND OF THE‘ INVENTION " 

1. Field of the Invention ’ L V 

The present invention relates to a capacitance cir 
cuit, and is mainly concerned with the semiconductor 
junction capacitance in a semiconductor integrated 
circuit. ‘ > 

2. Description of the Prior Art 
Shown in FIG. 1 is-an emitter follower type transistor 

detector circuit for color television having a detecting 
transistor TR, and time constant circuit C2, R2, in 
which a ?lter circuit consisting of a capacitor C, and a 
resistance R, is connected to the collector of a detector 
transistor TRin order to prevent high frequencies from 
leaking to a power source V”. In this emitter follower 
type transistor detector circuit, input signal VIN to be 
detected in supplied to the base electrode of the detect 
ing transistor, and detected output signal YD is ob 
tained from the emitter electrode of the detecting tran 
sistor TR. In case of constructing such a circuit in the 
,form of a semiconductor integrated circuit (hereinbe 
low termed IC), the capacitor C, for the ?lter has hith 
erto been formed of a large-capacitance semiconductor 
junction capacitor which is as shown in FIGS 2:! or 2b 
andv which makes use of the P-n junction between an 
n+-type buried region 4 and a p+-type isolated region 5 
within a semiconductor substrate member (including 
layers 1 and 2). With such construction, however, large 
noises have often arisen. ' 

The reason'for such noise has been clari?ed, ‘and is as 
stated below.. The breakdown voltage of the p-n junc 
tion is determined by the impurity concentrations of 
the n+~type buried region and the p+-type isolated re 
gion. When a voltage exceeding the breakdown voltage 
is applied to the capacitor C, within the IC, breakdown 
occurs. In the occurrence of the breakdown, large pul 
sating noises are generated from the capacitor C,, and 
the noise characteristic of the IC is degraded. It is gen 
erally said that the pulsating noises at the breakdown of 
the _p-n junction are greatly ascribable to the ‘micro 
plasma breakdown which is a non-uniform avalanche 
phenomenon. The microplasma breakdown starts from 
a minute breakdown point having a diameter of ap 
proximately 1p, and gives rise to current pulses of 
approximately 10 - 100 [.LA with irregular widths in a 
transient breakdown region. 
The breakdown voltage of the junction capacitor can 

be raised by lowering the impurity concentrations of 
the junction portion. In this case, however, the capaci 
tance becomes smaller for an identical elemental area. 
In other words, in the case where the capacitor having 
a predetermined capacitance is to be produced; the 
area of the capacitor becomes larger. This leads to a 
larger chip area for the whole integrated circuit, and 
brings about a lowering of the yield of the'IC’s in the 
manufacture. _ ' 

Furthermore, due to the lowering of the impurity 
concentrations, such parameters as the collector series 
resistance rsp of the transistor within the semiconduc 
tor integrated circuit change, so that various character 
istics of the integrated circuit vary_ undersirably. ‘ 

2 
. The present invention utilizes the idea that the noise 
level of a Zener diode (for which the emitter-base junc 
tion of a transistor is'exploited, as illustrated in FIG. 3) 
is inversely proportional to the density of current ?ow 
ing through the diode and that it has a characteristic as 
.shown in a curve diagram in FIG. 4 (IEEE JOURNAL 
OF SOLID-STATE CIRCUITS, December 1971, pp. 
366-376, “Five-Terminal 1' 15V Monolithic Regula 
tor"). More. particularly, a Zener diode having a Zener 
voltage‘ lower than the breakdown voltage of the p-n 
junction capacitor is connected in parallel with the 
semiconductor junction capacitor, whereby the break 
down of the junction capacitor is prevented to thus 

‘ avoid the generation of noise from the capacitor. In 
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addition,v the junction area is made small, whereby 
suppression of the noise level of the Zener diode is 
accomplished. 

SUMMARY OF THE INVENTION 

.An object of the present invention is to prevent 
noises from arising at breakdown of a semiconductor 
junction capacitor. ' 
Another object is to enhance the 

facture of semiconductor IC’s. 
The construction of the present invention for accom 

plishing the objects is characterized in a capacitance 
circuit including a capacitance element having a break 
down characteristic and generating noises at break 
down and a, constant-voltage element having a lower 
breakdown voltage than the capacitance element con 
nected in parallel therewith, the constantvoltage ele 
ment being held vbiased in a breakdown region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram showing an example of a 
highfrequency by-pass ?lter circuit; 
FIGS. 2a and 2b are vertical’ sectional views each 

showing a semiconductor IC into which the circuit 
‘arrangement in FIGi‘l vis formed; 
FIG. 3 is a perspective sectional view of a Zener 

diode, illustrating the ‘principle of the present inven 
tion; ‘ ‘a ' 

FIG. 4 is a curve diagram of the noise level character 
istic of a Zener diode; ' ' 

FIGS. 5a and 5b show the fundamental embodiment 
of the present invention, in which FIG. 5 a is a plan 
view and FIG. 5 ‘b a vertical sectional view; 
FIG. v6 is an equivalent circuit diagram of a part of the 

embodiment; ‘ 

FIGS. 7 u and 7 b and FIGS. 8 a and 8 b show further 
embodiments of the present invention in which the 
respective FIGS. 7 a and Snare plan views of FIGS. 7b 
and 8b vertical'sectionaliviews; a 
FIGS. 9 to .11 are vertical sectional views showing 

yield in the manu 

still further embodiments. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

FIGS. 5 u andv 5 b illustrate an embodiment of the 
present invention-Within a substrate member consist 
ing of a p-type semiconductor substrate 1 and an n-type 
epitaxial semiconductor layer 2, a semiconductor junc 
tion capacitance C is constructed of the electrostatic 
capacitance ofwthe depletion layer of the p-n junction 
owing to an n+-type buried region 4’ and a part 5" of a 
p+-type isolated region 5. At the surface of the n-type 
semiconductor, layer 2, a Zener diode DZ is constructed 
of the p-n junction of small junction area ( 10 X 20 #2 or 
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so) between a p_type region 12 formed simultaneously 
with the base diffusion and an n+-type region 11 
formed simultaneously with the emitter diffusion. Thus, 
the semiconductor junction capacitor C and the Zener 
diode D2 are equivalently connected in parallel as illus 
trated in FIG. 6. In FIGS. 5' and 6, reference numeral 3 
designates an SiO2 surface-protecting film, 6 a collector 
region, 7 a base region, 8 an emitter region, 9 a collec 
tor n+ contact, 13 an emitter electrode 14 a base elec 
trode, 15 a collector electrode, and 16 and 17 capaci 
tor electrodes. - 

The Zener diode DZ uses as its Zener voltage V2 the 
reverse withstand voltage between the diode n’r contact 
11 and the diffused p-type region 12. 
The Zener diode in'this embodiment'is constructed in 

such a way that a diode n+ contact 11 in FIG. 2 b is 
extended to form a p-n junction along with a diode 
p-type region 12. 

Since, as seen in FIG. 5 a, the p+-type isolated region 
5 is grounded, the capacitor terminal 17 is also 
grounded. Accordingly, the capacitor is employed as a 
grounding capacitor. In the embodiment,‘ the Zener 
current density is made approximately 1 X l0‘i mA/cm2 
in order to suppress the noise level of the Zener diode. 
Constituent capacitive components C‘ to C3‘of the 

semiconductor junction capacitor (or grounding ca~ 
pacitor) C have the following relation: 

’ C 2 Cl + C, + Ca (subject to CI > C2) 

CI : Junction capacitance owing to the n+-type buried 
region 4’ and the p+-type isolated region 5". 
C2 : Junction capacitance owing to an epitaxial n 

type region 10 and the diffused p-type region 12. 
C3 : Junction capacitance owing to the n+ contact 

region 11 and the p-type region 12. 
In accordance with the construction of the present 

invention as described above, the objects can be ac 
complished‘as stated below. j 

(1) Regarding the prevention of noises. In the 
lC’s, the breakdown voltages of the p-n junctions 
each formed of the p+-type isolated region and 
the n’r-type buried region have a non-uniform dis 
tribution to the extent of 8-15 V. On the other 
hand, the breakdown voltages vof the junctions 
each constructed of the emitter n“) diffused region and 
the base p-type diffused region have a non-uniform 
distribution to the extent of 6.5 — 8 Accordingly, the 
breakdown voltage of the semiconductor junction'ca 
pacitor constructed of the n+-type buried region, and 
the p+-type isolated region, as seen in FIGS. 5 a and 5 
[2, becomes higher than the Zener breakdown voltage 
of the Zener diode constructed of the n‘r region formed 
at the emitter diffusion and the p-type region formed at 
the base diffusion. As already described, the equivalent 

' circuit of the element construction of the semiconduc 
tor junction capacitor Cv and the Zener diode DZ in 
FIGS. 5 a and 5 I; is as shown in FIG. 6, and the ele 
ments are in the parallel connection. 
Since the area of the junction of the Zener diode 

between the n+-type region and the p-type region is 
small, the Zener current density is sufficiently large. 
Therefore, the noise level of the Zener diode in its 
breakdown region hardly comes into question. 

Further, the semiconductor junction capacitor has 
the Zener diode connected in parallel therewith, so that 
the voltage across the junction capacitor is clamped at 
the Zener voltage lower than the breakdown voltage of 
the capacitor. Consequently, the semiconductor junc 
tion capacitor is never brought into breakdown. There 
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4 
fore, the noises which seem to be caused by the micro 
plasma are not generated. I 

(2).; Regarding the manufacturing process, for the 
reasons set forth in item (1) above, the [C5 manufac 
tured according to this invention have an improved 
noise characteristic,'and can lower the percentage of 
defects attributable‘to non-conforming noise charac 
teristics. In the, manufacture of the semiconductor lC’s, 
the yield is enhanced. 

In consequence, the present invention produces vari 
ous effects, as stated below. ' ‘ 

(l) The element ,area does not increase. In‘accor 
dance with the prior art,‘ for the prevention of the 
noises at the breakdown of the junction capacitor only 
the method in which the breakdown voltage of the 
junction is raised, so as to avoid the junction capacitor 
from breaking'down has been relied upon. In order to 
raise the ' breakdown voltage of the semiconductor 
junction capacitor of the semiconductor IC, the impu 
rity in the vicinity of the junction need be lowered, so 
that the capacitance to the unit area of the semicon 
ductor is inevitably lowered. Accordingly, in case of 
manufacturing a semiconductor junction capacitor 
which has an identical capacitance and ‘a higher break 
down voltage, itis naturally required to‘ increase the 
junction area. ' . , ., 

In contrast, in accordance with the system of the 
present invention, the noises at ‘the breakdown of the 
junction capacitorcanbe prevented without raising the 
breakdown voltage of the semiconductor junction ca 
pacitor.‘ It is therefore unnecessary to lower the impu 
rity concentrations and to increase the junction area. 
Accordingly, the increasebf the chip area of the semi 
conductor IC as is as’cribable 'to' the'incr'eas‘e of the 
junction area of the semiconductor junction capacitor 
is avoidable. , 

The increase‘ of the chip area 'of'the'semiconductor 
[C is a serious problem in the manufacture. A rise in 
cost due to decrease in. the number of chips acquired 
from a single wafer is not the only disadvantage In 
proportion to the chip area, defects within the chip 
increase, and nonconforming articles increase. Thus, a 
lowering in the yield in the manufacture of the semi 
conductor IC’s is induced. 

(2) The number of manufacturing. steps does not 
increase. As apparent from FIGS. 5 a and 5 b , the 
Zener diode, is constructed of thep-type region and the 
n+-type region within the IC, the former region being 
formed simultaneously with the base diffusion for the 
transistor and the latter region being formed simulta 
neouslyv with the emitter diffusion. It does not require 

_ any special process, and does not increase the number 
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of manufacturing steps. _ 

(3) The characteristics‘of the IC are enhanced. The 
rise of the breakdown voltage of the semiconductor 
junction capacitor is realized by lowering the impurity 
concentrations in the vicinity of the junction as has 
been stated previously. This, however, induces unde 
sired changes in the characteristics of the IC, etc. The 
changes in the characteristics of theIC, etc. in‘the case 
of lowering'the impurity concentration of the n+-type 
buried region and in the case of lowering the impurity 
concentration of the p+-type isolated region, are as 
below. I , .j . 

(A) Lowering of vthe impurity concentration of the 
n+-type buried region. ' ' 

The purpose of the provision of the n_+-type buried 
region is to reduce the collector series resistance rm- of 
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' [the transistor within the IC. Accordingly, the lowering 
of the impurity concentration of the n‘“ buried region 
results in a higher. r“, and brings about degradations in 
transistor characteristics as follows: 

a. Increase in the collector-emitter saturation voltage 
VFE (Sat). - 

b. Lowering in the cutoff frequency fT. 
B. Lowering of the impurity concentration of the 

p*-type isolated region. 
The depth of a diffused layer is affected by the sur 

face impurity concentration and the diffusion time. 
Accordingly, in case of lowering the impurity concen 

‘tration ‘of the p+-type' diffusion, a diffusion of long 
duration is required for the p+-type isolation region to 
get to the p-type semiconductor substrate. When dis~ 
persions of the epitaxial layers in thickness and in con 
centration are considered, it is feared that the isolated 
‘region will not get to the substrate. It is feared that 
products of imperfect element isolation will appear to 
induce lowering in the manufacturing yield. A 

In contrast, in accordance with the system of the 
present invention, in raising the breakdown voltage of 
the semiconductor junction capacitor, the impurity 
concentrations of the n+-type buried region and the 
p+-type isolated region need not be lowered, and the 
manufacturing process may be quite the same as in the 
prior art.‘ Therefore, a diffusion of long duration as 
stated above is unnecessary, and the lowering of the 
characteristics of the IC is not brought about. 

in addition to the foregoing embodiment, the present 
invention has various aspects of performance as de 
scribed below. 

(I) As shown in FIGS. 7 a and 7 b , the Zener diode 
DZ is constructed of the p+-type isolated region 5 and 
the n‘t-type region 11 which is formed at the diffusion 
‘of the emitter region 8. 

- (2) As shown in FIGS. 8 u and 8 b , the p+ layer 5" 
in the semiconductor junction capacitor C is formed 
separately from the isolatedregion 5. It is made usable 
‘under the state in which it is not grounded. 

(3) As illustrated in FIGS. 9 and 10, the junction 
between the p+ layer 5 " and n+-type buried region is 
utilized as the junction capacitor and, the base emitter 
junction of an n-p-n transistor is utilized as the Zener 
diode, and this junction capacitor and Zener diode are 
electrically connected in parallel. 

(4) As illustrated in FIG. 11, the semiconductor junc 
tion capacitor is constructed using the n+-type region 
11 formed at the emitter diffusion for the transistor and 
the p-type region 12 is formed at the base diffusion, 
while the Zener diode is constructed using an n+-type 
region 11' formed at the emitter diffusion and a p-type 
region 12’ diffused at a higher concentration than in 
the base diffusion, and this junction capacitor and 
Zener diode are electrically connected in parallel also. 

. (5) The present invention is not restricted to lC’s. 
The capacitor can be substituted by any capacitance 
element which generates noises at breakdown. The 
Zener diode can be substituted by any constant-voltage 
element whose breakdown voltage is lower than that of 
the capacitance element and whose noise level is lower 
than that of the capacitance element at least at a part of 
the breakdown region thereof. 
The present invention is applicable to all sorts of 

capacitance circuits except the case of a coupling ca 
pacitor for blocking a DC current. Since the capacitor 
in the present invention has the Zener diode connected 

6 
in parallel therewith, D.C. components ?ow through 
the Zener diode. 
The present invention is also utilized for a capacitor 

which serves to hold a DC voltage and to cause a high 
frequency current to ?ow therethrough in a high-fre 
quency by-pass ?lter circuit or the like. 
While We have shown and described several embodi 

ments in accordance with the present invention, it is 
understood that the same is not limited thereto but is 
susceptible of numerous changes and modi?cations as 
known to a person skilled in the art, and We therefore 
do not wish to be limited to the details shown and de 
scribed herein but intend to cover all such changes and 

' modi?cations as are obvious to one of ordinary skill in 
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the art. ‘ 

We claim: 
1. A capacitance circuit comprising a pn-junction 

capacitance element having a breakdown characteris 
tic and which generates noise signal components at 
breakdown, and a pn-junction Zener diode whose 
breakdown voltage is lower than that of said pn-junc 
tion capacitance element and whose noise characteris 
tic is preferable to that of said pn-junction capacitance 
element, said pn-junction capacitance element and said 
pn-junction Zener diode being connected in parallel 
with each other, and wherein said pn-junction Zener 
diode forms a by-pass for the noise signal components 
which are generated from said pn-junction capacitance 
element by breakdown thereof, wherein said capaci 
tance circuit is fabricated as a semiconductor inte 
grated circuit. 

2. A transistor circuit comprising a transistor having 
base, emitter and collector electrodes, a resistor con 
nected between said collector electrode and a bias 
voltage source, a circuit means connected between said 
emitter electrode and ground, a filter circuit connected 
vbetween said collector electrode and ground including 
a pn-junction capacitor and a pn-junction Zener diode 
connected in parallel, said pn-junction Zener diode 
having a breakdown voltage which is lower than the 
breakdown voltage of said pn-junction capacitor and 
noise characteristics which are preferable to those of 
said pn-junction capacitor, both the pn-junctions of 
said pn-junction capacitor and said pn-junction Zener 
diode being reverse-biased at a voltage below the 
breakdown voltage of said pn-junction Zener diode, 
and means for supplying an AC. signal to the base 
electrode of said transistor, wherein said pn-junction 
Zener diode forms a by-pass for the noise signal com 
ponents which are generated from said pn~junction 
capacitor when the voltage of said A.C. signal appear 
ing at said collector electrode added to said voltage 
reverse-biasing said pn-junctions attains a voltage value 
higher than the breakdown voltage of said pn-junction 
capacitor. 

3. A transistor circuit as de?ned in claim 2, wherein 
said pn-junction Zener diode is formed by the base 
emitter junction of a further transistor. 

4. The combination according to claim 2, wherein 
said transistor circuit is fabricated as a semiconductor 
integrated circuit. 

5. In a transistor detector circuit comprising a detect 
ing transistor having base, emitter and collector elec 
trodes, a resistor connected between said collector 
electrode and a bias voltage source, a time constant 
circuit connected between said emitter electrode and 
ground, a ?lter circuit connected between said collec 
tor electrode and ground, an input terminal connected 
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to said base electrode for supplying an input signal to 
be detected, and an output terminal connected to said 
emitter electrode for deriving an output signal, the 
improvement wherein 

said ?lter circuit includes a pn-junction capacitor and 
a pn-junction Zener diode connected in parallel, 
said pn-junction Zener diode having a breakdown 
voltage which is lower than the breakdown voltage 
of said pn-junction capacitor and noise characteris 
tics vwhich are preferable to those of said pn-junc 
tion capacitor, both the pn-junctions of said pn 
junction capacitor and said pn-junction Zener 
diode being reverse-biased at a voltage below the 
breakdown voltage of said pn-junction Zener di 
ode, and said pn-junction Zener diode forms a 
by-pass for the noise signal components which are 
generated from said pn-junction capacitor when 
the voltage of said input signal appearing at said 
collector electrode added to said voltage reverse 
biasing said pn-junctions attains a voltage value 
higher than the breakdown voltage of said pn-junc 
tion capacitor. 

6. A capacitance circuit comprising 
a pn-junction capacitance element having a break 
down characteristic and which generates noise 
signal components at breakdown, 

a pn-junction Zener diode connected in parallel with 
said pn-junction capacitance element, said pn 
junction Zener diode having a breakdown voltage 
lower than that of said pn-junction capacitance 
element and having noise characteristics preferable 
to that of said pn-junction capacitance element, 

bias means for reverse-biasing both the pn-junctions 
. . . . . 3 

of said pn-Junctlon capacitance element and said 
pn-junction Zener diode at a voltage lower than the 
breakdown voltage of said pn-junction Zener di 
ode, and - 

20 

25 

30 

8 
wherein said pn-junction Zener diode forms a by-pass 

for the noise signal components which are gener 
ated from said pn-junction capacitance element 
when the voltage of said A. C. signal applied to said 
pn-junction capacitance element added to the volt 

‘ age of said bias means applied thereto attains a 
voltage value higher than the breakdown voltage of 
said pn-junction capacitance element. 

7. In a detector circuit comprising: 
an input terminal to which an input signal is applied; 
a bias terminal to which a bias voltage is applied; 
an output terminal; 
a detector element connected between said input and 
output terminals and being coupled to said bias 
terminal and 

a ?lter circuit connected to said detector element for 
preventing high frequency signals from being cou 
pled to said bias terminal, said ?lter circuit includ 
ing a pn-junction capacitor having a prescribed 
breakdown characteristic and which generates 
noise signal components at breakdown; 

the improvement wherein 
said ?lter circuit further includes means, connected 

in parallel with said pn-junction capacitor, for by 
passing noise signal components generated at the 
pn-junction of said capacitor, said means compris 
ing a pn-junction Zener diode having a breakdown 
voltage lower than that of said pn-junction capaci 
tor. 

8. The improvement according to claim 7, wherein 
said detector element comprises a transistor, the base 
of which is connected to said input terminal, the emit 
ter of which is connected to said output terminal, and 
the collector of which is coupled to said bias terminal, 

5 said pn-junction Zener diode by-passing noise signal 
components which are generated by said pn-junction 
capacitor, upon the voltage value of the signal which, 
appears at the collector of said transistor, added to the 
voltage from said bias terminal reverse-biasing the pn 

means for supplying an A. 0 Signal across Said p"- 40 junctions of said capacitor and Zener diode, exceeding 
junction capacitance element and said pn-junction 
Zener diode, 
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the breakdown voltage of said pn-junction capacitor. 
* * ' * 


